INTRODUCTION
Stroke is an important cause of morbidity, with dysphasia as one of the most devastating symptoms. 1 Isolated dysphasia gives only up to three points on the National Institutes of Health Stroke Scale (NIHSS) 2 score, albeit additional points may be given for loss of orientation, and doctors might hesitate to prescribe thrombolysis to patients with low NIHSS scores, due to potential risk of intracranial haemorrhage. 3 Current guidelines lack the recommendation of whether to treat stroke with low NIHSS score or not, 4 5 and approximately 30% of these patients are not treated with intravenous thrombolysis (IVT). 6 7 Our knowledge about the incidence and prognosis of isolated dysphasia is sparse. Most of our information is from case series. [8] [9] [10] [11] [12] [13] [14] These studies identify the rate of isolated dysphasia as between 2.4% and 7.5%. [12] [13] [14] There are, however, very limited safety and outcome data of isolated dysphasia following intravenous thrombolysis.
We aimed to describe the frequency and outcome of isolated dysphasia among patients treated with IVT, as documented in Strengths and limitations of this study ▪ To the best of our knowledge, this is the largest study of patients with ischaemic stroke with isolated dysphasia treated with intravenous thrombolysis (IVT). ▪ We identified dysphasia using relevant scores on the National Institutes of Health Stroke Scale (NIHSS), although this method may be criticised as lacking in sensitivity; when including patients in the hyperacute phase, the use of a formal dysphasia battery is practically impossible. ▪ The study is observational and based on a retrospective analysis of an ongoing database, with all the limitations of this type of study design. ▪ Another major limitation is the lack of a control group of patients with untreated dysphasia.
the Safe Implementation of Treatment in StrokeInternational Stroke Thrombolysis Register (SITS-ISTR). We also presented the rest of the SITS-ISTR cohort for an overview.
METHODS
The SITS-ISTR is a multinational, prospective, observational monitoring register documenting unselected patients with ischaemic stroke treated with IVT. Details of the methods and management can be found elsewhere. 15 16 Between December 2002 and December 2012, 58 293 patients treated with IVT were recorded in SITS-ISTR. We searched the SITS register for patients presenting with isolated dysphasia, that is, patients who scored points only on item 9 (Best Language) of NIHSS at baseline. A patient can score a maximum of three points on item 9. However, it is likely that a patient with dysphasia will score additional points on item 1b (Level of Consciousness Questions; maximum 2 points) and item 1c (Level of Consciousness Command; maximum 2 points), achieving up to 7 points for dysphasia in total on the NIHSS. Thus, we defined isolated dysphasia as a score of 1-3 points on item 9 only, with or without points on 1b and 1c.
The stroke subtype was classified according to the TOAST criteria. 17 We assessed early outcomes by the change in the NIHSS score within 7 days after thrombolysis. We reported dysphasia as completely improved if the NIHSS scored 0 on day 7, partially improved if NIHSS score ranged between 1 and 6 points, and not improved if no change was observed on NIHSS score.
The primary outcome of this study was full recovery, that is, no symptoms at all, excluding also dysphasia (modified Rankin Scale, mRS=0) at 3 months. Secondary outcomes were functional independence (mRS score of ≤2), excellent outcome (mRS ≤1) and death at 3 months. We defined symptomatic intracerebral haemorrhage (SICH) per the SITS-MOST protocol 18 as a local or remote parenchymal haemorrhage type 2 on the 22-36 h post-treatment imaging scan or earlier if clinically indicated, combined with a neurological worsening of ≥4 points between baseline and 24 h, or that leading to death. For comparison with other published work, we also report SICH per the National Institute of Neurological Disorders and Stroke (NINDS) definition: 19 Any intracerebral haemorrhage on any posttreatment imaging scans combined with any decline in neurological status as measured by NIHSS between baseline and 7 days; and SICH per the Second EuropeanAustralasian Acute Stroke Study (ECASS-II) protocol: 20 Any intracerebral haemorrhage on any post-treatment imaging scans combined with NIHSS worsening ≥4 points between baseline and day 7. All evaluations of imaging studies and neurological status were performed according to clinical routine by the local sites. All definitions of SICH were centrally adjudicated by the SITS International Coordination Office, based on the clinical and imaging data entered into the registry by the investigators. We also reported the corresponding data from the general SITS-ISTR cohort.
Statistical testing
We performed descriptive statistics for baseline and demographic data. For categorical variables, we calculated percentage proportions by dividing the number of events by the total number of patients, excluding missing or unknown cases. We did not perform any formal statistical testing between patients with and without isolated dysphasia, since this was not within the primary purpose of the study. We performed all analyses using STATISTICA software V.11.0.
RESULTS
At baseline, we identified 1.14% (663/58 293) patients with isolated dysphasia treated with IVT.
Patients with isolated dysphasia had a longer onset to treatment time, lower proportion of visible infarctions on admission imaging scan, lower proportion of atrial fibrillation (AF) and were less often classified as large vessel disease causing strokes, in comparison with the whole SITS-ISTR (table 1) .
Within the range 2-7 points on the baseline NIHSS, approximately 45% of patients improved completely, whereas among patients with a score of 1 on the NIHSS, 75% completely improved. Only one patient with one point on the NIHSS worsened (table 2) .
Of these patient with available data, 50% (251/505) were completely improved on the NIHSS at day 7 and 45.5% (240/527) had an mRS score of 0 at 3 months, indicating no residual dysphasia (table 3) . Altogether, 86.3% patients were functionally independent (mRS score 0-2) and 71.7% had an excellent outcome (mRS score 0-1) at 3 months. Table 3 shows the outcome at 3 months follow-up for patients with dysphasia, for example, with an initial 1-3 points on item 9 on the NIHSS (N=527).
Patients with isolated dysphasia had slightly higher rates of SICH according to SITS-MOST definition (2.3% vs 1.8%, fatal 0.61% vs 0.29%) than the general SITS population but had lower rates of SICH per the ECASS2 (3.2% vs 5.3%, fatal 1.3% vs 2.5%) and NINDS (5.0% vs 7.0%, fatal 1.3% vs 2.5%) definitions (table 4) . For all types of haemorrhages, the percentage was lower in isolated dysphasia than in the SITS-ISTR in general. Table 4 illustrates local haemorrhage at 22-36 h for patients with dysphasia in comparison with those in the SITS-ISTR.
The mortality was 5.5% at 3 months compared to 15.6% in the SITS-ISTR.
The cause of death was known in 26 of 29 cases, and of the 26 cases, the most common causes of death were cerebral infarction (n=5), cerebral haemorrhage (n=5) and pneumonia (n=3); however, one patient died of myocardial infarction and one died of pulmonary embolism. Figure 1 illustrates the individual mRS scores at 3 months. Patients with isolated dysphasia had a more favourable prognosis than the SITS-ISTR in general.
DISCUSSION
To the best of our knowledge, this is the largest study of patients with ischaemic stroke with isolated dysphasia treated with IVT. The proportion of isolated dysphasia in our IVT-treated study cohort is lower (1.14%) than those of other studies (2.4-7.5%) investigating isolated dysphasia without IVT. 13 14 One reason for this finding may be that patients with isolated dysphasia often do not receive IVT, probably due to uncertainty of the benefit/ risk balance.
Fifty per cent of patients with isolated dysphasia in our study improved completely at day 7 and about 72% patients had excellent recovery (mRS 0-1) at 3 months, which is comparable with that of Maas et al's 12 study (58.8%) at 6 months. However, it is important to note that the follow-up in our cohort was earlier than in their study and both studies are observational and demographic, and baseline factors may differ. Moreover, comparisons between the studies are difficult because of the low number of patients with isolated dysphasia (n=17) in Maas et al's study. 12 In a study by Nesi et al, the presence of dysphasia was an independent predictor of unfavourable outcome. They observed that patients with dysphasia treated with thrombolysis had a favourable outcome (83%, 10/12) compared to those who did not receive thrombolysis (50%, 5/10). However, due to the low number of patients with isolated dysphasia (n=13), it becomes hard to make any certain conclusions from their study.
Dysphasia has a substantial spontaneous improvement within the first months, [21] [22] [23] [24] and stroke severity is correlated to the prognosis. 22 25 We observed a similar proportion of complete improvement as Maas et al observed in their study for those with baseline NIHSS score from 2 to 7.
At 3-months follow-up, 45.5% of our patients had mRS score of 0, indicating no remaining dysphasia. Maas et al 12 found that nearly twice as many, 85.7% (12/14) , recovered at their 6-month follow-up. Unfortunately, there is no further information on the prognosis of isolated dysphasia in the literature. There are several explanations for the discrepancy between our study and that of Maas et al. First, NIHSS is not included in our 3-month follow-up. Second, the mRS is not a measure of language impairment-it is an overall assessment of disability-and it is quite possible that patients with an mRS=1 or even mRS=2 do not have dysphasia. Another reason is that Maas et al evaluated outcome after 6 months, 3 months later than it was carried out in our study, and further improvement may have occurred within that time period.
As expected, patients with isolated dysphasia differed in several ways from the rest of the SITS cohort. They had less severe stroke and lower proportion of visible infarctions on admission CT scan. The lower proportion of patients with AF and large vessels disease (LVD) in the dysphasic group might be explained by the fact that AF and LVD are often associated with more severe strokes. 26 In our study, 86.3% had a good outcome (mRS 0-2) at 3 months. This proportion is more than 30% higher than in the SITS-ISTR in general. Lower rates of local as well as remote types of haemorrhage following IVT indicate that this treatment is at least as safe in the isolated dysphasia group as it is in the general SITS-ISTR cohort. 
NIHSS) (N=527)
Modified Rankin Scale at 3 months 1 Point on item 9 NIHSS at baseline (n/N%) 2 Points on item 9 NIHSS at baseline (n/N%) 3 Points on item 9 NIHSS at baseline (n/N%) All groups Haemorrhage was classified, using clinical and radiological criteria, as: HI1=small petechiae along the margins of the infarct, HI2=confluent petechiae within the infarcted area but not space-occupying, PH1=blood clots in <30% of the infarcted area with some slight space-occupying effect, and PH2=blood clot in >30% of the infarcted area with a substantial space-occupying effect. ECASS-2, Second European-Australasian Acute Stroke Study; NINDS, National Institute of Neurological Disorders and Stroke; SICH, symptomatic intracerebral haemorrhage.
In contrast to the ECASS 2 and NINDS definitions of SICH, the SITS-MOST definition results in slightly higher values for isolated dysphasia. We cannot exclude, however, that the SITS-MOST definition, requiring four points deterioration in combination with a PH2 or PH2r type of haemorrhage, may slightly overestimate the risk in patients with a low baseline NIHSS compared to those seen in the general SITS-ISTR population. We identified dysphasia using relevant scores on the NIHSS. This method may be criticised as lacking in sensitivity. 27 Many of the previous studies of isolated dysphasia used more sensitive and time-consuming dysphasia batteries. Those studies, [8] [9] [10] [11] however, are case series, and do not include patients in the hyperacute phase, in which the use of a formal dysphasia battery is practically impossible. Consequently, most of the acute stroke trials use item 9 on the NIHSS 28 as a dysphasia symptom. Our definition of dysphasia was somewhat broader than the previous definitions because we allowed patients to have scores on items 1b and 1c on the NIHSS. This was necessary because patients with dysphasia often give incomplete responses on the consciousness questions and commands.
Our study has several limitations. It is observational and based on a retrospective analysis of an ongoing database, with all the limitations of this type of study design. Another major limitation is the lack of control group of patients with untreated dysphasia. No data from randomised controlled trials on thrombolysis in isolated dysphasia are currently available.
Our strength is that we retrieved the largest cohort of isolated dysphasia treated with IVT.
In conclusion, our study suggests that patients with isolated dysphasia often do not receive IVT. Half of the patients with isolated dysphasia treated with IVT recovered fully within 7 days and 72% had an excellent outcome at 3 months. The risk of serious haemorrhagic complications and death is low. Considering the solid evidence in favour of IVT, our study suggests that this subgroup of patients should not be treated differently than others.
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